Clostridium difficile infection (CDI) is a nosocomial condition prevalent in patients with hematological disorders. We aimed to identify the risk factors associated with the development of CDI and assess the mortality rate at 15 and 30 days among hematologic patients admitted to a tertiary care center.
INTRODUCTION
Clostridium difficile (CD) is an anaerobic, Gram-positive, spore-forming bacillus capable of colonizing and proliferating in the human intestinal epithelium [1] . CD strains that produce toxins A and B appear to play a major role in the occurrence of clinical manifestations. CD infection (CDI) may manifest in a wide range of symptoms, from an asymptomatic carrier and mild diarrhea to the development of pseudomembranous colitis [1] [2] [3] [4] . In western countries, an incidence of 2-6 cases per 10,000 hospitalized patients per day has been reported, with CD regarded as the main cause of nosocomial infections [1] [2] [3] . In the Latin American population, a multicenter study reported a rate of 11 per 10,000 hospitalized patients over 40 years of age per day [5] ; in Mexico, rates of 2.8 CD cases per 10,000 hospitalized patients a day and 1.5 cases per 1,000 admissions have been reported [6]. Antibiotic use is considered as the risk factor that is most likely associated with CDI, particularly the use of clindamycin and fluoroquinolones [1] [2] [3] [4] . Other variables that have been described as risk factors in the general population include previous hospitalizations [3, 7] , age ＞65 years [7] , inflammatory bowel disease [8] , nasogastric tube feeding [9] , GI surgery [9] , obesity [8, 9] , antineoplastic therapy [8, 9] , hematopoietic stem cells transplantation (HSCT) [8, 9] , use of gastric-acid suppressing drugs [8, 9] , and admission to the ICU [9] . At the microbiological level, infection caused specifically by the NAP1/BI/027 CD ribotype strain has been associated with a higher incidence of severity and recurrence in some populations [1, [8] [9] [10] .
Patients with hematological diseases are at higher risk of developing CDI, partly because they undergo intensive chemotherapy (CT) and/or bone marrow failure that can lead to immunosuppression [11] . In addition, many patients require prolonged hospitalizations and are exposed to multiple drugs, including broad-spectrum antibiotics [11, 12] . Different research groups have reported higher incidence rates of CDI among hematological patients in comparison to other patient groups [13] [14] [15] [16] [17] [18] [19] .
CDI has become a major concern for physicians and health systems due to its increasing morbidity and mortality. In Latin America, little is known about the risk factors associated with the development of CDI in patients with hematological disorders. Therefore, the study aimed to identify the risk factors associated with its development and assess the mortality rate at 15 and 30 days among Latin American hematologic patients admitted in a tertiary care center.
MATERIALS AND METHODS

Patients
The study participants were patients aged ≥15 years diagnosed with hematological malignancy (acute leukemia, multiple myeloma, or lymphoma) or bone marrow failure (aplastic anemia or myelodysplastic syndrome) according to the World Health Organization (WHO) 2016 criteria [20] . The study was approved by the local Research Ethics Board.
Patients with CDI who were attended at our institution from January 2010 to December 2015 were included in this study. For each case, two controls were assigned, matched by hematological diagnosis, same year of diagnosis, and date of birth within the same year. The intensity of the therapeutic regimens was defined according to the Common Terminology Criteria for Adverse Events (CTCAE, version 5.0) [21] for myelotoxicity: high intensity (grade 4), intermediate intensity (grades 2 and 3), and low intensity or no CT (grade 1).
CDI was defined as the acute onset of diarrhea (defecation ≥3 times per day or at least 200 g of stool per day) [22] plus a positive fecal sample for CD toxin A and/or B by enzyme immunoassay [23] or tissue culture neutralization assay and/or a positive stool sample for a CD producer of toxins detected by PCR or culture [24, 25] . CD ribotype was determined by a PCR-based assay (Cepheid Xpert C. difficile/Epi). The severity of each episode of diarrhea was classified as mild-moderate, severe, and complicated infection according to the 2010 criteria of the Infectious Disease Society of America (IDSA) for the management of CDI [10] .
Initial treatment for CDI was based on the attending physician's choice. Response to treatment was defined as resolution of diarrhea 10-14 days after treatment initiation [22] . Deterioration of abdominal symptoms, persistence of diarrhea after 14 days of treatment, need for additional antibiotic therapy, and progression to severe enterocolitis were considered as treatment failure [10] . Patients who developed diarrhea 2 weeks after resolution of the previous clinical episode were classified as having relapse-recurrence [10, 16, 18, 26] . Mortality was recorded at 15 and 30 days, and cause of death was determined using the death certificate.
Statistical analysis
The categorical variables were expressed as frequencies and proportions, while the continuous variables were expressed as medians and ranges. Logistic regression analysis was performed to identify the risk factors. The SPSS version 
RESULTS
About 42 cases and 84 controls were included in the study. The median age of the patients was 51 years (15-90), and 51.6% (N=65) were women. About 66 patients (52.4%) were diagnosed with acute leukemia, 45 (35.7%) with lymphoma or multiple myeloma (MM), and 15 (11.9%) with bone marrow failure. With regard to the therapeutic regimens used for the primary diagnosis, 49.2% of the patients received (N=62) high intensity CT, 29.4% (N=37) received intermediate intensity CT, and 21.4% (N=27) received low intensity or no CT. Additional baseline characteristics are presented in Table 1 .
Approximately 50% (N=21) of CDI episodes were classified as having severe-complicated infections, with 23.8% (N=10) associated with hemodynamic instability. The first-line antibiotic treatment was oral (PO) metronidazole in 29% (N=12), intravenous (IV) metronidazole in 29% (N=12), PO vancomycin in 17% (N=7), and IV metronidazole plus PO vancomycin in 26% (N=11). Overall, 9.5% (N=4) of the patients required surgical intervention due to toxic megacolon. CD ribotype 027 was present in 16.7% (N=7) of patients but was not associated with worse clinical outcomes.
A total of 35 patients (83.3%) responded well to the initial treatment, with 28.6% (N=12) presenting relapse during the follow-up period. Mortality rates of all groups at 15 and 30 days were 4.8% (N=6) and 10.3% (N=13), respectively. Mortality rates of the CDI group at 15 and 30 days were 7.1% (N=3) and 14.3% (N=6), whereas those of the control group were 3.6% (N=3) and 8.3% (N=7), respectively (Fig.  1) . As regards the causes of death among the case group, 50% of deaths (N=3) were due to the CDI episode, 33.3% (N=2) were due to nosocomial pneumonia, and 16.6% (N=1) were due to bacteremia.
In the univariate analysis, significant risk factors for the development of CDI were previous episodes of febrile neu- 
DISCUSSION
In this case-control study, we found that the risk factors related to the development of CDI in our patients with hematological diseases did not differ from those reported in the studies conducted in other populations [1] [2] [3] [4] 7] . Considering the existing knowledge on the pathogenesis of CDI, which involves exogenous acquisition from the transmission of bacterial spores, the associations identified among our study variables can be substantiated.
Previous hospitalization is a risk factor for the acquisition of CDI, and the probability of developing this pathology is directly proportional to the length of hospital stay, with reported acquisition rates of up to 50% in patients hospitalized for more than 4 weeks [1, 27] . Additionally, CDI is an indicator of medical care quality as its development can double hospitalization time and/or the number of hospital admissions per patient in the population affected by hematologic neoplasms [15, 28] .
Previous use of any type of antibiotic is one of the main factors associated with the development of CDI in hematological patients [9, 29] . As the patients are exposed to intensive CT and many infectious processes, they exhibit a greater susceptibility to CDI development [13, 14, 16, 18, 28] . Notably, no previous study carried out in the hematological population has separately analyzed the association between prophylactic and therapeutic antibiotic use and development of CDI. In our study, the use of therapeutic antibiotics and prophylactic antibiotics in the last 3 months had statistically significant associations with CDI in the univariate analysis, and therapeutic antibiotic use remained statistically significant in the multivariate analysis. Unlike previously reported data, antimicrobials including penicillin, cephalosporin, vancomycin, and carbapenem were shown to be independent risk factors based on the statistically significant associations with CDI in the univariate analysis.
On the contrary, Gweon et al. [14] found that the total number of antibiotics used and their duration of use were greater in patients with hematological diseases who developed CDI compared with non-hematological patients, adding greater external validity to the previously proposed hypothesis. Similarly, decrease exposure to antimicrobial agents was associated with a higher rate of CDI resolution [14] .
Fuereder et al. [29] reported their results on the risk for CDI in a cohort of patients with hematological and oncologic malignancies. Consistent with our results, they found that the use of antimicrobial agents within the previous month was an independent risk factor, whereas the use of CT was not related to the development of CDI. However, the population included was widely heterogeneous in terms of chemotherapeutic regimens used, with different myelotoxicity and gastrointestinal toxicity potential.
Compared with the results of previous studies, half of the CDI cases in our study experienced severe-complicated episodes and higher rates of complications [14, 16] . Interestingly, in our study group, the mortality rate attributed to CDI was similar to that reported in the literature (2.4%), being the higher mortality rate attributed to other concomitant infectious complications [14, 16, 18, 26, 30] . Our explanation to this finding is based on the hypothesis that our study population has a higher risk of developing infectious complications because of the advance stage of disease at diagnosis, and that the first-line treatment for CDI episodes was PO metronidazole (according to the 2010 recommendations of the IDSA) [10] . However, the current recommendation for first-line treatment is PO vancomycin or fidaxomicin, and PO metronidazole is used as treatment for mild-moderate episodes [31] .
The prevalence of mortality at 30 days ranged between 16% and 33% in other studies, while that in our study was 14.3% [14, 19, 24, 29] . In those studies, the specific cause of death in one patient was attributed only to the CDI episode (0.7%), and the rest of the patients died with an active CDI caused by other factors [14, 26] . Among the reported deaths related to the CDI episode (N=3), only one case was directly attributed to this event (2.4%); the other patients had bacteremia due to infection with Klebsiella pneumoniae and Candida albicans, and the last patient had soft tissue infection, Escherichia coli bacteremia, and nosocomial pneumonia (4.8%).
Although the main limitation of this study is its retrospective nature, it provides relevant evidence suggesting that hematological patients are highly susceptible to not only CDI but also to the development of complications arising from this infection and/or concomitant complications that can directly impact early mortality rates [13, 14, 16] . Therefore, a higher proportion of recurrence and mortality was difficult to assess over a longer period of time. Although the mortality rate was higher in patients with CDI than in controls, we did not find a statistically significant association because of the sample size.
The main strength of this study is that we were able to explore new variables that have not been previously studied, such as febrile neutropenia. Additionally, we separately analyzed those patients treated with prophylactic antibiotics from those receiving therapeutic antibiotics; both factors are important in the context of a hematologic patient receiving CT with an increased risk of infections and with a statistically significant association with CDI.
New prospective studies that will analyze the variables found and with longer follow-ups in hematologic patients who developed CDI are necessary to demonstrate a causal association between risk factors and CDI and can propose new approaches for prevention and treatment.
